INTRODUCTION
The Kanawha River originates at the confluence of the New River and Gauley River at Gauley Bridge in south-central West Virginia. From Gauley Bridge, the Kanawha River flows northwest through West Virginia to the Ohio River at Point Pleasant, West Virginia ( fig. 1 ).
The Kanawha River provides water for municipalities and industries, and the river is used for transportation and recreation. Municipal and industrial intakes and outflows are scattered throughout the study area. Chemical-manufacturing plants are located along the upper two-thirds of the river. The river is used to transport chemical-manufacturing materials and coal from the regional coal fields. Recreational boating and fishing are common along the entire river.
Government and industry have successfully cooperated during the past 20 to 25 years to improve water quality (water quality had previously decreased because of municipal and industrial pollution). Water quality can be adversely affected if a contaminant is accidentally spilled. An accidental spill is possible during transportation of chemicals and toxic waste by pipeline, rail, highway, or barge on and near the river and its tributaries. Knowledge of the movement of a spill can help to minimize effects for private and industrial water users. For example, water intakes could be dosed, and fishing and recreational uses could be restricted. Traveltime and dispersion data can help river managers to mitigate effects of an accidental spill of a soluble contaminant on river-water quality. Careful management of area dams could be used to change the characteristics of the contaminant cloud. Furthermore, these data can be used to calibrate or verify a water-quality transport model. This study was done in cooperation with the Virginia Environmental Endowment, Marshall University Research Corporation, and the West Virginia Department of Environmental Protection.
Purpose and Scope
This report presents traveltime and dispersion data for the Kanawha River from June 24 through July 3,1991, when discharges at Charleston ranged from 5,680 f t3/s on June 24 to 3,000 frVs on July 2, and discharge and watersurface elevation data from June 20 through July 4. The study area is the main stem of the Kanawha River and 4.6 mi of the New River (from the mouth of the New River to Hawks Nest Dam).
Description of Study Area
The Kanawha River originates at the confluence of the Gauley River and New River at Gauley Bridge ( fig. 1 ). Gauley Bridge is located 96.6 river miles (RM) upstream from the mouth of the Kanawha River. The Gauley River has a drainage area of 1,414 mi2 at the mouth (Mathes and others, 1982), and is regulated by SummersvilleDam. The New River has a drainage area of 6,943 mi2. The New River is regulated by Claytor Dam in Virginia, and Bluestone Dam and Hawks Nest Dam in West Virginia.
Hawks Nest Dam is located 4.6 mi upstream from the mouth of the New River as measured through the Hawks Nest Aqueduct (Erwin, 1986) . Hawks Nest Aqueduct is a 3.1-mi runnel, dropping 162 ft, that circumvents approximately 5 mi of the New River. The tunnel, constructed between 1930 and 1932, has inside diameters between 31 and 46 ft. Part of the tunnel is lined with concrete, part is lined with steel, and part is unlined (Cherniack, 1986 ).
The Kanawha River has a drainage area of 12,233 mi2 at the mouth. Tributaries with drainage areas greater than 50 mi2 located between Gauley Bridge (RM 96.6) and the mouth (RM 0.0) are shown in figure 1, and include: Paint Creek, 123 mi2, at RM 80.6; Cabin Creek, 72.7 mi2, at RM 74.5; Elk River, 1,533 mi2, at RM 58.0; Coal River, 892 mi2, at RM 45.7; Pocatalico River, 356 mi2, at RM 39.2; Hurricane Creek, 76.5 mi2, at RM 28.9; Eighteenmile Creek, 77.9 mi2, at RM 18.6; and Thirteenmile Creek, 77.9 mi2, at RM 11.9. Elk River is the only tributary that is regulated (by Sutton Dam).
Kanawha Falls is located approximately 1.4 mi downstream from the confluence of the Gauley and New Rivers ( fig. 1) 
Previous Study
Traveltime and dispersion data were collected for this study area in August and October 1989 (Appel, 1991). In August 1989, dye was injected at Winh'eld Dam when river discharge was 4,500 ftVs, and water samples were collected at locations between Winh'eld Dam and the mouth of the Kanawha River. In October 1989, dye was injected at Marmet Dam, London Dam, and Hawks Nest Aqueduct when river discharge ranged from 8,500 frVs to 12,500 frVs at Kanawha Falls and from 10,000 ftVs to 13,000 ftVs at Charleston. Water samples were collected at locations between Hawks Nest Aqueduct and Winfield Dam. Traveltime and dispersion data for the 1989 dye measurements were compiled from analysis of water samples for dye concentration.
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TRAVELTIME AND DISPERSION DATA
Traveltime and dispersion are two properties of the movement of water in a river. Horizontal and vertical velocity distributions, eddies, pools, and river bends are some characteristics of a river that affect traveltime and dispersion. River structures, such as bridges and dams, could also affect traveltime and dispersion. Traveltime and dispersion can be affected when regulation at a dam results in holding or releasing more water than is flowing into a controlled pool. Traveltime and dispersion in the general area of the structure can be affected if flow characteristics through the structure change because of changing gate settings and lockages.
Collection Methods
Measurements of traveltime and dispersion of a conservative-dye tracer are used to estimate the movement of water and waterborne solutes in a river system. Measurement techniques are well documented (Kilpatrick and Wilson, 1989; Hubbard and others, 1982) . Usually, a fluorescent dye is injected into the river. Water samples are collected at various locations downstream, beyond the distance required for horizontal and vertical mixing. Methods of water-sample analysis have been described by Wilson and others (1986) .
A slight modification of the standard procedure was employed for this study. A fluorometer was calibrated by diluting the dye in a three-step procedure to a 100 |ig/L working solution, and diluting the working solution into various concentrations expected during the study. A dye lot with the specific gravity of 1.19 is used in the standard procedure. Specific gravity of the dye used in this study was 1.105. In the standard procedure, 2,068 milliliters (mL) of water and 20 mL of dye are mixed in the first step of the three-step process to prepare the 100 |ig/L working solution. In this study, 1,191 mL of water were used in the first step to compensate for the differences in specific gravity.
Slug injections in the Kanawha River can require more than 20 mi to mix completely (from equations presented in Kilpatrick and Wilson, 1989) . For this reason, all flows at lock-and-dam structures (except for leakage through the structure and normal lockages of river traffic) were routed through the turbines. By routing flows through the turbines, the stream width is temporarily reduced and the river turbulence is increased. Dye was injected as a slug at the upstream face of the dam in front of the turbine gates. This dye-injection technique distributed dye across the entire river within approximately 1 to 2 mi (visual inspection by author), therefore reducing the mixing length. The slug injections 
Traveltime
Time-concentration curves were developed to identify traveltime and dispersion of dye injections (figs. 2-4). Traveltime of the leading edge, peak concentration, and trailing edge at locations for each dye injection can be determined from these graphs and from the data given in table 2. Reading from the X-axis of figure 2, the leading edge of the dye cloud produced from the slug injection at Hawks Nest arrived at London Dam approximately 35 hours later and at Chelyan approximately 69 hours later (traveltimes of peak concentration and trailing edge can be determined similarly). Traveltimes for the injections at London and Marmet Dams can be determined from figure 3 and figure 4, respectively.
Mixing length of the river was reduced by injecting dye upstream from the turbines. This procedure did not mix the dye completely at the injection location, and traveltimes are affected to locations downstream until complete mixing is achieved. Much of the effect of incomplete mixing can be accounted for when sample and injection locations are overlapped. Cumulative traveltimes are computed that assume only complete mixing (table 2). Cumulative traveltimes can be used to determine traveltimes between locations of different dye injections. For example, using figure 5, the traveltime of the trailing edge between Deepwater (collection location for the injection at Hawks Nest) and Saint Albans would spend about 12 days in the Winf ield pool. These cumulative traveltimes should be used as estimates only when river discharges are similar to flows of this study.
Dispersion
Time-concentration curves (figs. 2-4) illustrate stream dispersion. The peak concentration decreases as time since injection increases. Conservative-peak and unit-peak concentrations are shown in table 3. The conservativepeak concentration is the observed-peak concentration adjusted for any dye loss, and the unitpeak concentration is the conservative-peak concentration expressed as a concentration per unit weight of discharge. Differences in the unitpeak concentrations between reaches are primar--ily due to differences in longitudinal dispersion. Conservative and unit-peak concentrations can be used to develop relations to predict peak concentrations at discharges where measurements are not made. Additional dye measurements are required to develop these relations.
DISCHARGE AND WATER-SURFACE ELEVATION DATA
Discharge data describe the volume of water moving per unit time in a river system. Because of river regulation in this river system, water- surface elevation data are necessary to account for changes in water storage. Changes in discharge and storage can affect traveltime and dispersion of a conservative solute in this river system.
Collection Methods
Discharge and water-surface elevation data are collected at established U.S. Geological Survey streamflow-gaging stations. Table 4 is a list of streamflow-gaging stations applicable to this study. Discharge and water-surface elevation data for the streamflow-gaging stations are measured by standard methods described by Rantz and others (1982) . Daily mean discharge and water-surface elevation data collected for this study are presented in table 8 at the end of the report. 
Discharge
River discharges decreased from June 24 through July 3,1991. Discharge of the Kanawha River was measured at Kanawha Falls and Charleston ( fig. 6 ). Daily mean discharge ranged from 5,540 f t3/s on June 24 to 2,790 f t3/s on July 2 at Kanawha Falls and from 5,680 ftVs on June 24 to 3,000 f t3/s on July 2 at Charleston. Inflows to the Kanawha River were measured at Belva on the Gauley River, Queen Shoals on the Elk River, and Tornado on the Coal River ( fig. 7) . Daily mean discharge ranged from 208 ftVs to 132 ftVs at Belva, from 231 ftVs to 66 ftVs at Queen Shoals, and from 376 ftVs to 131 ftVs at Tornado. Between June 24 and July 3,1991, a reduction of water storage in regulated pools occurred. This is indicated by the decline in water-surface elevations at upstream locations in the Gallipolis, Winfield, and Marmet pools, in comparison to the more stable water-surface elevations at the downstream locations in the pools (figs. 9-11).
Water-Surface Elevation

SUMMARY
The Kanawha River originates in southcentral West Virginia and flows northwest to the Ohio River. The river is used for water supply, recreation, and transportation. Water quality of the river could be affected by an accidental spill of a soluble contaminant. Knowledge of estimated traveltimes and dispersion of solutes could help river managers to mitigate effects of such a spill. Traveltime and dispersion data were collected from June 24 through July 3,1991. This data supplements data collected in August and October 1989.
Dye was injected at Hawks Nest Aqueduct, London Dam, and Marmet Dam. Water samples were collected at various river locations and analyzed for the presence of dye. Time-concentration curves were developed from this data and cumulative traveltimes were calculated (these curves and calculations should be used for making estimates only when river discharges are similar to this study). A spill of soluble material at Gauley Bridge under similar discharge conditions is estimated to take about 15 days to pass Winfield Dam. A spill is estimated to spend about 12 days in the Winfield pool. Estimated time of passage for this hypothetical spill is about 2.5 days at Marmet Dam and about 5.5 days at Winfield Dam.
River discharge decreased from June 24 through July 3,1991. Daily mean discharges ranged from 5,540 f tVs to 2,790 f tVs at Kanawha Falls and from 5,680 ftVs to 3,000 ftVs at Charleston.
Water-surface elevations were 1 ft above normal in the Gallipolis pool, and were near normal in the Winfield, Marmet, and London pools. Changing water-surface elevations in the regulated pools indicated a loss of water storage during the study period. 
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